1 2 YAP and TAZ are transcriptional regulators that powerfully stimulate cell proliferation, which 3 drives developmental or tumorigenic tissue growth. Previously we showed that YAP/TAZ 4 initiate and maintain Schwann cell (SC) differentiation, thereby forming and maintaining myelin 5 sheath around peripheral axons (Grove et al., 2017). Here we show that YAP/TAZ are required 6 for SCs to restore peripheral myelination after nerve injury. We find that YAP/TAZ dramatically 7 disappear from denervated, proliferating SCs of adult mice after peripheral nerve injury. They 8 reappear in SCs as axons regenerate. YAP/TAZ ablation does not impair SC proliferation or 9 transdifferentiation into growth promoting repair SCs. SCs lacking YAP/TAZ, however, fail to 10 upregulate myelin-associated genes and completely fail to remyelinate regenerated axons. We 11 also show that both YAP and TAZ are required for optimal remyelination. These findings 12 indicate that axons regulate transcriptional activity of YAP/TAZ in adult SCs and that YAP/TAZ 13
INTRODUCTION
intact and transected nerves of WT and iDKO mice (Figure 2A , n=3 mice per genotype). We first 23 confirmed efficient ablation of YAP/TAZ in SCs by analyzing contralateral, intact nerves of 24 iDKO mice ( Figure 2B, 2F ). We excluded mice with poor deletion (i.e., exhibiting YAP/TAZ in 25 >20% SCs) from further analysis. Notably, pulse labeling with EdU indicated that the transected 26 nerves of WT and iDKO contained similar numbers of dividing SCs in S phase (Figure 2C, 2G; 27 12.8% WT, 16.5% iDKO, p=0.0742). Numbers of Ki67+ proliferating SCs ( Figure 2D , 2H; 40.5% 28 WT, 40.4% iDKO, p=0.8760) and of total SCs (Figure 2E , 2I) were also similar in the transected 29 nerves of WT and iDKO. iDKO SCs did not differ ( Figure 3D, 3G) . SCs are essential for successful nerve regeneration (Scheib and Hoke, 2013; Jessen and Mirsky, 25 2016). As the definitive test of whether iDKO SCs convert normally to repair SCs, we next 26 examined if the absence of YAP/TAZ in SCs impairs nerve regeneration. Because Yap/Taz 27 iDKO mice die ~14 days after tamoxifen treatment (Grove et al., 2017) , we crushed sciatic 28 nerves and analyzed them on 12-13 dpi. To minimize variability, we crushed nerves at the same 29 site close to the sciatic notch and analyzed nerve segments immunohistochemically or 30 ultrastructurally at the same distance distal to the injury ( Figure 4A ). An anti-β3 tubulin antibody, 31 adult SCs lacking YAP/TAZ can myelinate regenerating axons, we next analyzed the extent of 23 myelination in the same iDKO nerves analyzed for axon regeneration. As expected, there was 24 strong expression of myelin basic protein (MBP), a major structural component of the myelin 25 sheath, in the crushed nerves of WT mice ( Figure 5A, 5B) . MBP immunoreactivity was also 26 abundant in the contralateral, intact nerves of iDKO mice ( Figure 5A ), in which our previous 27 ultrastructural analysis found segmental demyelination (Grove et al., 2017) . In contrast, iDKO Figure 5D ) 30 and ultrathin sections processed for EM ( Figure 4E ) revealed many myelinated axons in WT but 31 distal to the injury revealed many BL tubes containing single or multiple axons in Taz iKO, as in 23 WT ( Figure 6A ). These axon-containing BL tubes were as numerous in iKO as in WT and iDKO 24 ( Figure 6C ; WT, 86.6% vs. iDKO, 86.7% vs. Taz iKO, 87.8%; WT vs. iDKO, p=0.99; WT vs. 25 iKO, p = 0.90; iDKO vs. iKO, p= 0.92). Counts of BL tubes containing axons large enough to be 26 myelinated also did not differ ( Figure 6D ; WT, 62.4% vs. iDKO, 66.2% vs. Taz iKO, 73%; WT 27 vs. iDKO, p=0.72; WT vs. iKO, p=0.52; iDKO vs. iKO, p=0.2) . Therefore axons regenerated as 28 robustly in Taz iKO as in WT and iDKO nerves, indicating that SCs expressing only YAP 29 supported axon regeneration. We also found that, whereas iDKO nerves contained no myelinated 30 axons ( Figure 5D ), myelinated axons were frequent in Taz iKO nerves ( Figure 6A, 6E) , and G-
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Lastly, we examined expression of Krox20 (also known as Egr2), the master transcription factor 23 that drives myelin gene expression (Topilko et al., 1994; Decker et al., 2006) . Notably, whereas 24 WT SCs upregulated Krox20 expression at 12 dpi, concomitant with remyelination, few if any 25 iDKO SCs exhibited Krox20 immunoreactivity ( Figure 7D, 7H (Poitelon et al., 2016; Deng et al., 2017; Grove et al., 2017) . It remains controversial, however, Deng et al., 2017; Grove et al., 2017) . These disagreements motivated the present 11 study, which extends investigations of YAP/TAZ to their contribution to functional regeneration 12 of peripheral nerves. We found that SCs lacking YAP/TAZ proliferate and wrap around 13 regenerated axons, but then completely fail to remyelinate them. We also found that YAP/TAZ 14 markedly disappear from denervated SCs, which we interpret as additional support for their role 15 in myelin maintenance.
17
Using antibodies specifically immunolabeling YAP or YAP/TAZ, we found dramatic down-18 regulation of YAP/TAZ in denervated SCs followed by rapid upregulation in repair SCs, 19 concomitant with axon degeneration and regeneration. Immunohistochemical identification of 20 SC-selective YAP/TAZ was essential for detecting spatiotemporal regulation of YAP/TAZ. 21 Indeed, we were only able to detect YAP/TAZ downregulation on Western blots when we used 22 lysates prepared from nerves extensively perfused with saline, and from which the epi-and 23 perineurium had been carefully removed. This procedure probably succeeded because it 24 minimized the amount of YAP/TAZ present in cells other than SCs. Careful attention to 25 YAP/TAZ expression in cells other than Schwann cells will help to resolve inconsistencies in 26 earlier studies of YAP/TAZ expression in peripheral nerve. , 2017) . This study implicates YAP as an inhibitor of axon regeneration. Our study suggests 25 that this inhibition is dose-and context-dependent. We observed that repair SCs rapidly 26 upregulate YAP/TAZ as axons regenerate and that expression persists as regeneration continues. 27 We also found that axon regeneration is as robust in Taz iKO and Yap/Taz iDKO as in WT, but injection, using standard protocols (Son and Thompson, 1995) . Briefly, a small skin incision was 28 made in the posterior thigh and calf of the animals anesthetized by isoflurane. For crush, the 29 sciatic nerve was crushed with a fine forceps (#5) for 10 seconds (3X) adjacent to the sciatic 30 notch. The crush site was marked using charcoal-coated forceps, and the wound was closed. For 31 Electron microscopy, histology and morphometry 25 Sciatic nerves were removed and immediately fixed in EM buffer, as previously described 26 (Grove et al., 2017). After nerve crush or transection, a 5 mm piece of the nerve was taken 27 immediately distal to the injury site. The proximal end of the section was nicked with a razor 28 blade for orientation during embedding. Fixation was for 2 h at room temperature, followed by 29 overnight at 4 0 C, with rotation. Post-fixation processing, embedding, cutting, staining and image 30 capture were as previously described. For crushed or transected nerves, 500 nm semi-thin and 70 31 22 23 ACKNOWLEDGMENTS 24 We thank Alan Tessler and members of the Son laboratory for critical reading of the manuscript. 
